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SPECIFICATION 

Electronic Version 1.2.8 
Stylesheet Version 1 .0 

METHOD OF DETECTING 
CRACKS IN JET PUMP BEAMS OF 
A NUCLEAR REACTOR 

Background of Invention 

[0001] This invention relates generally to inspection of nuclear reactors, and more 

particularly to ultrasonic examination of jet pump beams within a nuclear reactor 
pressure vessel. 

[0002] A reactor pressure vessel (RPV) of a boiling water reactor (BWR) typically has a 
generally cylindrical shape and is closed at both ends, e.g., by a bottom head and a 
removable top head. A top guide typically is spaced above a core plate within the RPV. 
A core shroud, or shroud, typically surrounds the core and is supported by a shroud 
support structure. Particularly, the shroud has a generally cylindrical shape and 
surrounds both the core plate and the top guide. There is a space or annulus located 
between the cylindrical reactor pressure vessel and the cylindrically shaped shroud. 

[0003] In a BWR, hollow tubular jet pumps positioned within the shroud annulus provide 
the required reactor core water flow. The upper portion of the jet pump, known as the 
inlet mixer, is laterally positioned and supported against two opposing rigid contacts 
within restrainer brackets by a gravity actuated wedge. The inlet mixers are each held 
in place at the top end by a preloaded beam. To secure the assembly, the jet pump 
beam is assembled with a high preload, applied by installing the jet pump beam bolt 
with a hydraulic tensioner. 

[0004] 

The static and dynamic loads on jet pump beams including vibrations imposed 
during reactor operation have been found to cause, in some instances, beam cracking 
that begins in the upper central portion of the beams. Each jet pump beam holds in 
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place a pipe elbow, which leads reactor water from an inlet riser pipe toward a jet 
pump nozzle. 

[0005] Cracking in a jet pump beam threatens the release of a pipe elbow from its normal 
position, which could impair proper jet pump operation. Accordingly, it is desirable to 
determine the physical integrity of jet pump beams on a regular basis, as for example 
by ultrasonic examination. In some cases, this is done by dismantling the jet pump 
beams from the reactor and transporting them to a laboratory for testing. In other 
cases, an ultrasonic on-site inspection of the jet pump beams within the reactor 
vessel is performed. 

Summary of Invention 

[0006] In one aspect, a method of inspecting a jet pump beam in a nuclear reactor is 
provided. The reactor includes at least one jet pump assembly with each jet pump 
assembly including at least one jet pump beam. Each jet pump beam includes a beam 
bolt opening, a first arm, a second arm, a top surface, and a bottom surface. The 
method includes positioning at least one ultrasonic phased array probe adjacent the 
bottom surface of the jet pump beam, and scanning the jet pump beam with the at 
least one ultrasonic phased array probe. 

[0007] In another aspect, a method of inspecting a jet pump beam in a nuclear reactor is 
provided. The reactor includes at least one jet pump assembly with each jet pump 
assembly including at least one jet pump beam. Each jet pump beam includes a beam 
bolt opening, a first arm, a second arm, a top surface, and a bottom surface. Each 
beam arm has a transition portion and a radiused portion located adjacent the 
transition portion. The method includes positioning at least one ultrasonic phased 
array probe adjacent the bottom surface of the jet pump beam, and scanning at least 
one of the transition portion and the radiused portion of each jet pump beam arm 
with the at least one ultrasonic phased array probe. 

Brief Description of Drawings 

[0008] Figure 1 is a sectional view, with parts cut away, of a boiling water nuclear reactor 
pressure vessel. 

[0009] Figure 2 is a perspective view, with parts cut away, of a jet pump assembly shown 
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in Figure 1 . 

[0010] Figure 3 is a side view of the jet pump beam shown in Figure 2. 

[001 1] Figure 4 is a perspective view of the jet pump beam shown in Figure 3. 

[001 2] Figure 5 is a flow chart of a method of inspecting the jet pump beam in 
accordance with an embodiment of the present invention. 

[001 3] Figure 6 is a schematic side view of the jet pump assembly shown in Figure 1 
showing the placement of ultrasonic phased array probes. 

[0014] Figure 7 is sectional view of the jet pump beam shown in Figure 6. 

Detailed Description 

[001 5] Figure 1 is a sectional view, with parts cut away, of a boiling water nuclear reactor 
pressure vessel (RPV) 1 0. RPV 1 0 has a generally cylindrical shape and is closed at one 
end by a bottom head 1 2 and at its other end by a removable top head 1 4. A side wall 
1 6 extends from bottom head 1 2 to top head 1 4. Side wall 1 6 includes a top flange 
1 8. Top head 1 4 is attached to top flange 1 8. A cylindrically shaped core shroud 20 
surrounds a reactor core 22. Shroud 20 is supported at one end by a shroud support 
24 and includes a removable shroud head 26 at the other end. An annulus 28 is 
formed between shroud 20 and side wall 1 6. A pump deck 30, which has a ring shape, 
extends between shroud support 24 and RPV side wall 16. Pump deck 30 includes a 
plurality of circular openings 32, with each opening housing a jet pump 34. Jet pumps 
34 are circumferentially distributed around core shroud 20. An inlet riser pipe 36 is 
coupled to two jet pumps 34 by a transition assembly 38. Each jet pump 34 includes 
an inlet mixer 40, and a diffuser 42. Inlet riser 36 and two connected jet pumps 34 
form a jet pump assembly 44. 

[001 6] Heat is generated within core 22, which includes fuel bundles 46 of fissionable 

material. Water circulated up through core 22 is at least partially converted to steam. 
Steam separators 48 separates steam from water, which is recirculated. Residual water 
is removed from the steam by steam dryers 50. The steam exits RPV 1 0 through a 
steam outlet 52 near vessel top head 14. 
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[001 7] The amount of heat generated in core 22 is regulated by inserting and 

withdrawing control rods 54 of neutron absorbing material, such as for example, 
hafnium. To the extent that control rod 54 is inserted into fuel bundle 46, it absorbs 
neutrons that would otherwise be available to promote the chain reaction which 
generates heat in core 22. Control rod guide tubes 56 maintain the vertical motion of 
control rods 54 during insertion and withdrawal. Control rod drives 58 effect the 
insertion and withdrawal of control rods 54. Control rod drives 58 extend through 
bottom head 1 2. 

[001 8] Fuel bundles 46 are aligned by a core plate 60 located at the base of core 22. A 
top guide 62 aligns fuel bundles 46 as they are lowered into core 22. Core plate 60 
and top guide 62 are supported by core shroud 20. 

[001 9] Figure 2 is a perspective view, with parts cut away, of jet pump assembly 44. Jet 
pump assembly 44 includes riser pipe 36 coupled to a pair of jet pumps 34 by 
transition assembly 38. Each jet pump 34 includes a jet pump nozzle 64, a suction 
inlet 66, an inlet mixer 40, and a diffuser 42 (shown in Figure 1). Jet pump nozzle 64 
is positioned in suction inlet 66 which is located at a first end 68 of inlet mixer 40. 

[0020] Transition assembly 38 includes a base piece 70 and two elbows 72. Each elbow 
72 is coupled to a jet pump nozzle 64. Support arms 74, 76, 78, and 80 extend from 
transition assembly base piece 70. Cross beam 82 connects support arms 74 and 76, 
and cross beam 84 (partially cut away in Figure 2) connects support arms 78 and 80. 
A jet pump beam 86 extends between support arms 74 and 78. An identical jet pump 
beam (not shown) extends between support arms 76 and 80. Referring also to Figure 
3, jet pump beam 86 includes a raised central portion 88 and trunions 90. The ends 
of jet pump beam 86 are supported in notches 92 located in support beams 74 and 
78. A beam bolt 94 includes a multisided head 96, a threaded portion 98, and a butt 
end 1 00 including a lower bearing surface 1 02 which bears against a disc 1 04 seated 
in a counter bore 105 of elbow 72. Beam bolt 94 threadedly engages a threaded bolt 
opening 106 in jet pump beam 86. 

t 0021 ! A locking assembly 1 1 0 prevents beam bolt 94 from loosening. Locking assembly 
1 1 0 includes a locking sleeve 1 1 2 and a lock plate 1 1 4. Locking sleeve 1 1 2 includes a 
base portion 1 1 6 at a first end 118 and a bore 120 extending from first end 1 1 8 to a 
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second end 122. Bore 120 is sized and shaped to matingly receive beam bolt head 96. 

[0022] Referring to Figure 4, jet pump beam 86 includes a first beam arm 1 30 and a 

second beam arm 1 32. Beam arms 1 30 and 1 32 include transition portions 1 34 and 
136 respectively extending from central portion 88. Radiused portions 138 and 140 
extend from transition portionsl 34 and 136 respectively and joins beam arm end 
portions 1 42 and 1 44 to transition portions 1 34 and 1 36 respectively. Threaded bolt 
opening 106 extends through central portion 88. 

[0023] Referring to Figures 5, 6 and 7, in an exemplary embodiment, a method 146 of 
inspecting jet pump beam 86 includes positioning 148 at least one ultrasonic phased 
array probe 150 adjacent a lower surface 1 52 of beam 86 and scanning 1 54 beam 86 
with the at least one probe 1 50. 

[0024] Particularly, the positioning of ultrasonic phased array probes 1 50 on lower 
surface 152 of beam 86, permits an ultrasonic examination of central portion 88, 
threaded bolt opening 1 06, and also transition portions 1 34 and 1 36, and radiused 
portions 138 and 1 40 of beam arms 1 30 and 1 32. As shown in Figure 6, the volume 
1 56 of beam 86 that is examined includes the area of central portion 88, transition 
portions 138 and 1 40 and the area of radiused portions 1 34 and 1 36, and extending 
from a upper surface 1 58 of beam 86 towards lower surface 1 52. 

[0025] Ultrasonic phased array probes exhibit advantages over standard ultrasonic 

probes. A phased array probe is formed from an array of transducer elements in a 
single housing. The elements in the array are smaller than a single element probe 
which provides for larger beam divergence angles of each element and permits 
dynamic focusing and beam steering. Also the small elements in an array are more 
energy efficient and take less energy to excite and are more efficient receivers due to 
the lower mass to be energized. An important aspect of array usage is the ability to 
dynamically synthesize an ultrasonic beam and create a "Virtual Probe" of any angle 
within the overall beam spread of an individual element. An angle beam is created by 
sequentially firing each element in an array to create a wave front following the 
desired angle. The angle is selected and set up electronically by the control 
instrumentation, and can if necessary be changed pulse by pulse. This "Virtual Probe" 
can also be "swept" through a test object by firing groups of elements in a large array. 
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This effect can be used to dynamically focus an ultrasonic beam by selecting the array 
firing order and pulse delays. This can be changed on a pulse by pulse basis to 
effectively "sweep" a focal point through test material. Beam steering and dynamic 
focusing can be combined to give a resultant beam which is both focused and angled. 
Ultrasonic phased array probes are commercially available from Krautkramer 
Ultrasonic Systems Group of Agfa NDT, Inc., Lewistown, Pennsylvania. 

[0026] In the exemplary embodiment, positioning 1 48 at least one ultrasonic phased 

array probe 1 50 adjacent a lower surface 1 52 of beam 86 includes positioning a first 
ultrasonic phased array probe 150 adjacent a lower surface 152 of beam 86 in 
alignment with first beam arm 130 and positioning a second ultrasonic phased array 
probe 1 50 adjacent a lower surface 1 52 of beam 86 in alignment with second beam . 
arm 132. 

[0027] In another embodiment, an ultrasonic examination of jet pump beam 86 is 

accomplished by positioning an ultrasonic phased array probe 1 50 adjacent a lower 
surface 1 52 of beam 86 in alignment with first beam arm 1 30. Central portion 88, 
including threaded bplt opening 1 06 of beam 86, and transition portion 1 34 and 
radiused portion 138 of first beam arm 1 30 are then scanned with probe 150. Next, 
probe 1 50 is repositioned adjacent lower surface 1 52 of beam 86 in alignment with 
second beam arm 132. Central portion 88, including threaded bolt opening 106 of 
beam 86, and transition portion 136 and radiused portion 140 of second beam arm 
1 32 are then scanned with probe 1 50. 

[0028] 

In another embodiment, an ultrasonic examination of adjacent jet pump beams 86 
of jet pump assembly 44 is accomplished by positioning a first ultrasonic phased 
array probe 1 50 adjacent lower surface 1 52 of one beam 86 in alignment with first 
beam arm 1 30, and a second ultrasonic phased array probe 1 50 adjacent lower 
surface 1 52 of the adjacent beam 86 in alignment with first beam arm 1 30. Central 
portions 88, including threaded bolt openings 106 of adjacent beams 86, and 
transition portion 1 34 and radiused portion 1 38 of first beam arms 1 30 are then 
scanned with probes 1 50. Next, probes 1 50 are repositioned adjacent lower surface 
152 of first beam 86 and adjacent beam 86 in alignment with second beam arms 132. 
Central portions 88, including threaded bolt openings 106 of adjacent beams 86, and 



APP_ID=1 00655 16 



Page 6 of 20 



„!|„ n,.:;s I'-'- ,j>, ,, . j. , !i:r.; "'">' 

transition portions 1 36 and radiused portions 1 40 of second beam arms 1 32 are then 
scanned with probes 1 50. 

[0029] In a further embodiment, an ultrasonic examination of adjacent jet pump beams 
86 of jet pump assembly 44 is accomplished by positioning a first ultrasonic phased 
array probe 1 50 adjacent lower surface 1 52 of one beam 86 in alignment with first 
beam arm 1 30, a second ultrasonic phased array probe 1 50 adjacent lower surface 
1 52 of beam 86 in alignment with second beam arm 1 32, a third ultrasonic phased 
array probe 150 adjacent lower surface 152 of the adjacent beam 86 in alignment 
with first beam arm 1 30, and a fourth ultrasonic phased array probe 1 50 adjacent 
lower surface 152 of the adjacent beam 86 in alignment with second beam arm 132. 
Central portions 88, including threaded bolt openings 106 of adjacent beams 86, and 
transition portion 134 and radiused portion 138 of first and second beam arms 130 
and 1 32 are then scanned with probes 1 50. 

[0030] The above described method 1 46 of inspecting jet pump beam 86 using ultrasonic 
phased array probe 1 50 permits the inspection of transition portions 1 34 and 1 36 and 
radiused portions 1 38 and 1 40 of beam arms 1 30 and 1 32 with one placement of 
probe 1 50 under each beam arm 130 and 1 32. This results in a more complete and 
more reliable examination of jet pump beam 86. 

[0031] While the invention has been described in terms of various specific embodiments, 
those skilled in the art will recognize that the invention can be practiced with 
modification within the spirit and scope of the claims. 
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